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I.  SUMMARY  OF  PROGRESS 


During  the  second  year  of  contract,  a  range  of  compositions  from  the  C-T1 
alloy  system  have  been  melted,  and  their  physical  and  mechanical  properties 
measured  for  comparison  with  theoretical  predictions.  These  C-T1  alloys  were 
produced  using  induction  melting  techniques.  The  alloys  contained  between  0 
and  25  atom  percent  (0  to  7  weight  percent)  carbon.  Optical  metallography 
examination,  hardness  tests,  compression  tests  and  scanning  electron 
microscopy  have  been  performed  on  these  alloys.  The  alloys  were  found  to  be 
composed  of  three  phases:  alpha,  gamma  and  a  carbon-rich  phase.  Two  of  the 
three  phases  are  consistent  with  the  postulated  phase  diagram.  The  third 
carbon-rich  phase  is  thought  to  be  a  nonequilibrium  component  resulting  from 
inhomogeneities  during  the  melting  process. 

Compression  tests  conducted  on  specimens  cut  from  the  melts  have  room 
temperature  ultimate  tensile  strengths  between  50  and  165  ksi  and  strains  to 
fracture  between  1.5  and  10%.  The  strength  of  the  C-Ti  alloys  increases  and 
the  ductility  decreases  with  increasing  C  content.  This  is  consistent  with 
theoretical  predictions.  Experiments  have  also  shown  that  the  size  and 
morphology  of  the  gamma  phase  controls  the  strength  and  ductility  in  the 
composition  range  investigated.  Alloys  of  the  same  5  w/o  C  composition  have 
been  produced  with  ductilities  of  5  to  10%  and  UTS  of  165-100  ksi  respectively 
by  control  of  the  gamma  phase  morphology.  The  5-7  w/o  carbon  alloys  have 
measured  melting  temperatures  between  2000  and  2300  degrees  centigrade. 

These  are  the  highest  melting  temperature  alloys  now  obtainable  with  present 
equipment. 
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_U.  OBJECTIVE  OF  RESEARCH 

The  objective  of  this  research  is  to  investigate  a  new  class  of  material 
composed  of  30-60  atomic  percent  carbon  (C-Ti)  for  ultrahlgh  temperature 
applications  in  space  power  systems.  The  alloy  system  under  investigation 
exhibits  melting  temperatures  in  excess  of  2500  degrees  C  and  form  long  range 
ordered  structures  which  are  expected  to  yield  materials  with  exceptional  high 
temperature  strength  and  resistance  to  environmental  degradation. 

III.  INTRODUCTION 

The  generation  of  power  in  space  by  methods  other  than  direct  conversion 
(photovoltaic)  will  require  new  concepts  in  materials  to  obtain  optimum 
performance.  Traditional  materials  used  in  the  construction  of  land  based 
power  systems  such  as  zircaloy,  stainless  steel,  and  in  some  exotic 
applications,  Nb  and  V  steels,  do  not  have  the  necessary  combined  ultrahigh 
temperature  strength,  irradiation  resistance,  and  strength  to  weight  ratios 
that  are  required.  The  space  reactor  will  operate  in  a  near  perfect  vacuum, 
eliminating  oxidation  problems  which  plague  many  high  temperature  materials 
(Mo,  V,  etc.).  However,  sublimation  of  the  materials  (vaporization  at  high 
temperatures)  will  become  a  controlling  factor.  In  space,  the  rejection  of 
heat  must  occur  by  radiation  of  energy  to  the  environment,  requiring 
temperatures  of  1000  degrees  C  or  greater  for  thermodynamic  efficiency. 
Additionally,  the  materials  are  required  to  withstand  the  radiation  of  the 
nuclear  core  (be  resistant  to  irradiation  induced  densification,  swelling  and 
creep)  and  be  lightweight  for  transportation  into  space. 

Viewing  the  above  general  requirements,  carbon  based  materials  (C 
materials)  are  a  superb  candidate  for  development.  C  fiber  -  C  matrix 
materials  have  been  highly  successful  on  the  space  shuttle  where  they  have 
been  used  for  components  ranging  from  cargo  bay  doors  to  high  temperature 
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motor  casings.  Such  materials,  however,  are  not  suited  for  applications  which 
require  exposure  to  nuclear  radiation.  Testing  in  the  high  temperature  gas 
cooled  reactor  program  has  identified  two  problems  with  C  materials. 

The  first  is  the  permeability  of  the  C  material  to  radioactive  fission 
gases  [1,2].  Despite  the  development  of  ultrahigh  density  C  materials, 
special  C  coatings,  and  differential  pressurization  of  components,  leakage  of 
C  clad  fuel  occurs  after  very  short  neutron  exposures  (dt  <  lxlO22  n/cm2  ). 

Heat  pipe  components,  fabricated  from  pure  C  or  C  composite  materials, 
would  therefore  be  unable  to  maintain  proper  partial  pressures  for  operation. 
The  second  problem  results  from  volumetric  changes  (densification)  that  occur 
in  C  materials  upon  neutron  irradiation  [1].  These  changes  are  highly 
orientation  dependent.  The  C  fibers,  which  contain  material  with  the  basal 
planes  aligned  perpendicular  to  the  stress  axes,  undergo  a  substantially 
different  volumetric  change  than  the  matrix  material,  leading  to  the 
generation  of  high  internal  stress,  cracking  and  ultimate  failure.  A  class  of 
materials  which  promise  to  overcome  the  above  described  problems  is  ordered 
C-metal  alloys.  Ordered  alloys  offer  many  potential  advantages  over 
conventional  alloys  at  elevated  temperatures  [2-5].  The  atomic  ordering 
produces  a  pronounced  increase  in  the  work  hardening  [5-9],  improves  the 
fatigue  resistance  [10],  and  retards,  because  of  stronger  binding  and  closer 
packing  of  atoms,  most  thermally  activated  processes  such  as  creep  and  grain 
growth  [11].  In  addition,  the  strength  of  ordered  alloys  is  less  sensitive  to 
temperature  than  conventional  disordered  alloys.  In  fact,  some  alloys  show  an 
increase  rather  than  a  decrease  in  strength  with  increasing  temperature  up  to 
the  critical  ordering  point  [12].  The  critical  ordering  point  is  the 
temperature  at  which  the  material  reverts  from  a  defined  periodic  arrangement 
of  alloying  elements  to  the  random  arrangement  found  in  conventional 
materials.  Electron,  ion  bombardment,  and  recent  neutron  irradiation  results 
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show  the  long  range  ordered  (LRO)  alloys  to  be  highly  swelling  resistant 
[13-15]. 

Despite  the  above  advantage,  the  LRO  allots  have  seen  only  limited 
application  because  of  a  lack  of  ductility  associated  with  the  ordered  state 
[16-18].  Recently  Liu  and  his  coworkers  at  ORNL  have  succeeded  in  producing 
(Fe,  N1 ) 3V  long  range  ordered  alloys  which  show  tensile  elongations  greater 
than  30*  [19-21].  This  has  been  achieved  by  controlling  the  ordered  lattice 
structure  through  use  of  the  e/a  ratio  or  average  electron  density  per  atom 
outside  the  inert  gas  shell. 

Ordered  C-metal  alloys  represent  a  new  approach  which  combines  the 
desirable  qualities  of  C  (high  temperature  resistance,  low  weight,  low  vapor 
pressure)  with  the  radiation  and  permeability  resistance  of  ordered  materials. 
These  alloys,  containing  30-60  atomic  percent  carbon,  all  exhibit  melting 
temperatures  in  excess  of  2500  degrees  C  [22,23].  By  careful  control  of  the 
alloy  composition,  desirable  ordered  structures  can  be  maintained  at 
temperatures  in  excess  of  0.7  Tm  (approx.  1800  degrees  C).  The  alloys  will  be 
relatively  lightweight,  yet  resistant  to  irradiation  damage.  Control  of  the 
ordered  structure  by  modification  of  the  e/a  ratio  will  produce  compositions 
with  good  ductility,  strength,  creep  and  fatigue  properties.  In  addition,  the 
C-metals  will  eliminate  the  permeability  problem  associated  with  pure  C 
materials. 

The  objective  of  this  research  is  to  investigate  the  property-structure 
relationships  of  ordered  C-metal  alloys.  These  studies  will  provide  a 
theoretical  and  experimental  basis  from  which  a  future  development  program, 
leading  to  optimization  and  detailed  characterization  of  ordered  C-metal 
alloys,  can  be  initiated. 
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IV.  PROGRESS  DURING  THE  SECOND  YEAR  OF  THE  PROJECT 

The  principle  accomplishments  during  the  second  year  of  the  project  deal 
with  experimental  achievements.  Based  upon  the  proposed  project  plan,  the 
research  is  on  schedule.  The  work  herein  described  was  performed  by  two 
graduate  students  seeking  Master's  of  Science  degrees  in  Materials 
Engineering.  These  students  are  K.  C.  Yeh  and  Pamela  Gills.  Pamela  joined 
the  research  project  in  June  of  1983  and  K.  C.  Yeh  in  September  of  1984. 

Approximately  seventy-five  percent  of  the  second  year  effort  was  spent 
fabricating  and  investigating  the  mechanical  propertier  of  the  0  to  7  weight 
percent  C  alloys  of  the  C-Ti  system.  These  alloys  had  been  identified 
theoretically  and  through  scoping  experiments  to  have  the  greatest  potential 
during  the  first  year  of  the  contract.  Fifteen  percent  of  the  second  year 
effort  was  used  to  characterize  the  material  microstructure,  deformation 
mechanisms  and  fracture  surfaces.  The  remaining  ten  percent  was  used  to 
continue  development  of  theoretical  models  for  comparison  and  prediction.  The 
following  sections  will  describe  the  progress  made  during  the  last  year  in  the 
experimental  investigation. 

Experimental  progress: 

The  C-Ti  system  was  identified  as  the  most  promising  alloy  system  based 
upon  its  ability  to  obtained  an  ordered  structure  over  a  range  of  compositions 
and  its  ultrahigh  melting  temperature  (3080  degrees  C).  During  this  second 
year  of  the  project,  C-Ti  alloys  containing  between  0  and  7  weight  percent 
carbon  were  fabricated  to  investigate  the  physical  and  mechanical  properties 
of  the  C-Ti  system.  Six  compositions  were  melted  (melting  points  ranging  from 
1650  degrees  C  to  near  2300  degrees  C)  covering  the  range  0  to  7  weight 
percent  carbon.  The  alloys  melted  did  not  include  additions  for  improvement 
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of  ductility.  Experiments  showed  that  significant  ductility  could  be  obtained 
by  controlling  the  microstructure  through  heat  treatment.  For  the  5  w/o  C 
alloys,  the  ductility  was  varied  between  4  and  10  percent  by  altering  the  size 
of  the  gamma  phase.  Hence  it  was  deemed  premature  to  begin  investigations 
into  the  addition  of  alloying  elements.  The  pure  C-Ti  alloys  enable  a  direct 
comparison  between  theoretical  prediction  of  ordering  parameters  and 
experiment.  Unlike  the  experiments  conducted  during  the  first  year  of  the 
contract,  melts  during  the  second  year  were  made  by  induction  melting 
techniques  under  an  inert  cover  gas. 

<i>  The  Production  of  C-Ti  Alloys 

Titanium  and  graphite  sp-1  powder  was  placed  into  a  graphite  crucible 
approximately  .51  inches  in  diameter  and  1.34  inches  high.  The  crucible  and 
powder  was  placed  into  a  quartz  tube  (inside  diameter  =  .63  inches,  outside 
diameter  =  .71  inches)  that  contains  a  tantalum  sheet  encircling  the  inside 
diameter.  The  crucible  was  placed  within  the  tantalum  sheet  and  supported  in 
this  location  by  a  ceramic  rod.  The  tantalum  sheet  serves  principally  as  a 
radiation  reflector  but  additionally  serves  as  a  gettering  material  to  protect 
the  melt  from  oxidation.  The  graphite  crucible  is  the  susceptor  and  quartz 
tube  serves  as  the  containment  of  the  inert  gas  atmosphere.  The  bottom 
ceramic  rod  was  used  to  limit  heat  transfer  by  conduction  out  of  the  crucible. 

The  quartz  tube  with  crucible  is  placed  within  the  0.8  inch  diameter 
copper  coil  of  the  induction  generator.  The  diameter  of  the  copper  coil  with 
respect  to  the  diameter  of  the  graphite  crucible  is  critical  in  that  these 
parameters  determine  the  coupling  that  can  be  obtained  between  the  induction 
generator  and  crucible  and  hence  maximum  temperatures.  Higher  temperatures 
are  obtained  as  the  diameter  of  the  coil  and  crucible  are  decreased.  This 
creates  a  problem  in  itself  in  that  the  size  of  the  melt  is  decreased  and  the 


fabrication  and  testing  of  specimens  becomes  more  difficult.  Additionally, 
the  fabrication  of  the  induction  coils  is  greatly  increased.  The  process  of 
making  small  diameter  coils  involves  continued  twisting  of  coils  from  large 
diameter  to  small  diameter  gradually. 

An  infrared  sensor  is  used  to  monitor  the  temperature  of  the  melt.  This 
sensor  is  suspended  from  the  top  support  of  the  heating  system.  Fig.  1  and 
Fig.  2  show  the  system  in  operation.  An  argon  atmosphere  was  maintained  in 
the  quartz  tube  during  heating  and  cooling  of  the  specimen.  A  graphite  bar 
was  used  to  stir  the  fluid  alloy  mixture  to  increase  the  diffusion  of  carbon 
into  titanium,  enhancing  the  formation  of  a  homogeneous  material  composition 
and  reducing  porosity  of  the  melts.  The  alloys  in  the  0  to  7  w/o  C  region 
were  produced  using  an  induction  generator  set  to  provide  a  direct  current  of 
40  amps  at  230  volts.  Samples  were  limited  in  size  to  less  than  6  cubic  cm  by 
the  experimental  requirement  to  reach  high  temperatures.  The  maximum 
temperature  that  can  be  obtained  using  this  system  is  2300  degrees  C.  This 
procedure  can  melt  compositions  containing  up  to  7  w/o  carbon.  However,  it  is 
difficult  to  reach  temperatures  higher  than  2100  degrees  C  routinely.  The 
inability  to  reach  higher  temperatures  will  be  corrected  after  purchase  of  a 
larger  capacity  induction  generator  is  completed. 

<1i>  Optical  Metallography 

Figures  3  through  6  show  representative  microstructures  of  the  C-Ti 
alloys  produced  by  the  above  described  induction  melting  procedure.  Figure  3 
is  the  photomicrograph  of  a  4  weight  percent  (w/o)  carbon-titanium  alloy. 
Figures  4  through  6  are  microstructures  of  alloys  with  increasing  carbon 
content  (5  w/o  to  7  w/o).  The  figures  show  that  the  microstructures  consist 
principally  of  a  mixture  of  alpha-Ti  and  gamma  phases  at  room  temperature.  A 
third  carbon  rich  phase  was  found  in  some  of  the  higher  carbon  percentage 
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Figure  3:  Transverse  photomicrograph  of 
Ti-4  w/o  C  alloy.  Globular 
phase  is  gamma-phase.  Volume 
fraction  of  alpha-Ti  is  69%. 


u 

<♦-  to 
O  i- 


O.  0) 

IQ  £  • 

S-  3  ** 
0)1—  Ol 
O  O  «ST 
4-  > 

O  IA 


£ 

O  >)•— 
P  Ol* 

O  I—  » 

x:  i—  ns 
am  x 


a>  o  t— 
IA  to 

S-  o 
<u  \<+- 
>  3e  o 

IA 

c  c 

to  i  o 

ti-i- 


vo 


a> 

t- 


cn 


i 

o 

H—  <a 
o  i- 


O.  Q) 

to  £  • 

l.  3M 
0>r-  CSJ 
o  o  tn 
i-  s» 

U  V) 


E  • 

O  >»-r- 
+■»  O  I — 
O  l—  I 
JZ  t—  to 
CL  to  JO. 
Q. 

<U  O  I— 
IA  to 

s-  o 
a)  \  h- 
>  X  o 

IA 

etc  c 

IB  I  O 

U  *f  T¬ 


a> 

t. 


alloys  and  is  thought  to  be  the  result  of  localized  incomplete  diffusion  of 
carbon  into  the  melt.  Figure  7  is  the  phase  diagram  for  the  C-Ti  system.  By 
comparing  the  results  with  the  published  phase  diagrams  for  the  C-Ti  system, 
the  findings  show  agreement  with  the  anticipated  phases  and  the  microstructure 
for  the  alloys  of  4  to  7  w/o  carbon  with  the  above  noted  exception  of  the  high 
carbon  content  phase.  Figures  8  through  12  show  the  gamma-phase  particle  size 
distribution  and  the  volume  fraction  of  alpha-Ti  (4-7  w/o  C).  From  these 
figures,  we  found  that  the  total  number  of  gamma-phase  particles  decreases  and 
particle  size  increases  as  the  carbon  content  is  increased.  When  the  carbon 
content  is  increased,  larger  particles  of  gamma  phase  tend  to  form.  In 
addition,  the  volume  fraction  of  gamma  phase  increases  as  the  carbon  content 
is  increased.  Because  of  this,  the  strength  of  C-Ti  alloys  increases. 

<iii>  Hardness  Measurements 

Hardness  measurements  were  made  on  the  alloys  as  one  of  the  tests  to 
characterize  their  mechanical  properties.  The  macroscopic  hardness 
measurements  were  found  to  vary  with  carbon  content  and  as  a  function  of 
processing  treatment.  The  rockwell  C  hardness  varied  from  a  value  of  25  for  a 
4  w/o  carbon  alloy  to  35  for  the  7  w/o  carbon  alloy.  In  addition  to 
macrohardness  measurements,  microhardness  measurements  were  made  on  the 
alpha-Ti  and  gamma  phase  structures  seen  in  the  photomicrographs  of  figures  3 
through  6.  The  diamond  indentations  on  the  alpha-Ti  phase  were  very  clear  and 
large,  but  they  appear  small  on  the  gamma  phase  and  are  difficult  to  measure. 
Figure  13  and  figure  14  compare  the  microhardness  of  alpha-Ti  and  gamma  phases 
from  the  Ti-4  w/o  C  and  Ti-7  w/o  C  alloys.  From  this  data  it  is  concluded 
that  the  microhardness  of  gamma  phase  increases  as  the  carbon  content  is 
increased.  The  Knoop  hardness  values  of  alpha-Ti  are  insensitive  to  carbon 
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C-Ti  Carbon  -Titanium 


from  reference  22 

Figure  7:  Phase  diagram  for  the  C-Ti  alloy 

system.  Note  that  the  dashed  lines 
indicate  calculated  phase  relations. 
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Figure  8:  Gamma  Phase  Size  Distribution 
:  Ti-4  w/o  C.  Microstructure 
of  alloy  shown  in  Figure  3. 
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Figure  9:  Gamma  Phase  Size  Distribution: 

Rapid  Cooled  Ti-5  w/o  C.  Micro¬ 
structure  of  alloy  shown  in  Fig. 
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Figure  12:  Gamma  Phase  Size  Distribution 
:  Ti-7  w/o  C.  Microstructure 
shown  in  Figure  6. 
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Figure  13:  Microhardness  tests  of  alpha-Ti 
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content.  The  strength  of  C-Ti  alloys  is  therefore  dictated  by  the  volume 
fraction  and  distribution  of  gamma  phase. 

<fv>  Compression  Tests 

Techniques  have  been  developed  for  the  fabrication  of  ASTM  subsize 
compression  specimens  from  C-Ti  alloys.  Because  of  the  small  size  and 
properties  of  the  available  material,  a  diamond  impregnated  soft  core  tube 
which  has  an  inside  diameter  of  6.4  mm  was  used  to  prepare  cylindrical 
compression  specimens.  The  drill  utilizes  water  as  a  lubricant  and  coolant  to 
protect  the  samples  from  overheating.  After  a  cylinder  is  cut  from  the  melt, 
a  diamond  slitting  saw  was  used  to  cut  both  ends  of  the  cylinder  to  length  and 
obtain  parallel  ends.  The  alloys  were  gummy  in  nature,  thus  requiring 
sharpening  of  the  diamond  blade  with  a  carbon  block  to  remove  cut  particles 
stuck  in  the  blade.  Although  the  alloys  were  not  excessively  hard,  large 
amounts  of  time  were  required  to  prepare  the  cylindrical  compression  sample, 
which  measured  4.45  mm  diamater  by  12.7  mm  high.  A  diameter  to  length  ratio 
of  2.71  to  2.96  were  used  for  all  tested  specimens.  These  specifications  meet 
ASTM  STANDARDS  for  subsize  compression  samples  [24].  Prior  to  compression 
testing,  specimens  were  ultrasonically  cleaned  in  acetone.  Compression  tests 
were  conducted  at  room  temperature  under  stroke  control  using  a  Material 
Testing  System  (Figure  15).  The  data  were  simutaneously  recorded  on  a  HP  X-Y 
chart  recorder  and  through  a  digital  HP  9836  data  acquisition  system.  The 
larger  size  gamma  phase  particles  control  the  strength  and  ductility. 

A  summary  of  the  mechanical  properties  of  tested  titanium-carbon  alloys 
is  given  in  Table  1.  Figure  16  and  figure  17  show  a  typical  compression 
specimen  before  and  after  testing.  Macroscopic  failure  occured  along  a  45 
degree  plane  similar  to  that  of  previously  reported  rectangular  shaped  Ti-4w/o 
C  specimens.  From  Table  1  and  Figure  18  it  can  be  seen  that  there  are  two 


Summary  of  Average  Mechanical  Properties 
for  0-7  w/o  C-Ti  Alloys 
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series  of  compression  tests  with  immensely  different  mechanical  properties  for 
the  same  alloy.  This  data  demonstrate  that  fabrication  processes  can  be  used 
to  control  the  properties  of  the  Ti-C  materials.  One  series  of  specimens  have 
a  UTS  of  165  ksi  and  4.5%  strain  to  failure  while  the  second  set  shows  a  UTS 
of  105  ksi  and  nearly  10%  strain  to  failure.  A  strain  to  fracture  of  10%  is 
very  surprising  and  suggests  that  achieving  ductile  Ti-C  alloys  may  not 
require  other  element  additions.  This  ductility  is  the  result  of  a  different 
microstructure  seen  in  Figures  4A  and  4B  in  the  section  on  metallography. 

Minimum  melting  temperatures  have  been  established  by  referenced 
infrared  thermography.  The  reference  point  used  to  calibrate  the  emmissivity 
was  the  melting  point  of  pure  Titanium  material,  1668  degrees  C.  Values  of 
the  minimum  melting  point  temperatures  for  the  0-7  w/o  C  alloys  are  also  shown 
in  Table  1.  Figure  18  is  the  stress  strain  curve  for  the  compression  test  of 
the  5  w/o  and  7  w/o  carbon  specimens.  The  properties  of  the  alloys  show  that 
the  elongation  of  C-Ti  alloys,  as  expected,  decreases  as  the  carbon  content  is 
increased. 

<v>  Fracture  Surface  Observation 

Figures  19  through  26  show  the  fracture  surfaces  of  typical  5  and  7  w/o 
carbon  alloys  tested  in  compression.  Examination  of  the  fractographs  indicate 
that  there  are  significant  amounts  of  cleavage  failure  in  the  5  w/o  carbon 
alloy.  Additionally,  cleavage  fracture  is  much  greater  in  the  7  w/o  carbon 
alloy  than  the  5  w/o  alloy.  Striations  along  the  surface  shown  in  figure  19 
(5  w/o  carbon)  and  figure  24  (7  w/o  carbon)  were  produced  during  the  final 
failure  of  the  specimen.  The  micrographs  of  both  alloys  show  regions  of 
craters,  the  bottom  of  the  craters  show  smooth  surfaces  indicative  of  failure 
by  cleavage.  These  features  suggest  that  failure  has  occurred  along  the 
boundary  between  alpha  Ti  and  gamma  phases.  The  appearence  of  large  cracks 


Figure  21:  Central  region  of  figure  19 
(higher  magnification). 


Figure  22:  Bottom  left  hand  region  of  figure  19 
(higher  magnification). 


extending  into  the  specimen  regions  of  figure  20  and  24  show  that  final 
failure  occurred  by  the  linking  up  of  cracks  on  several  planes.  In  the  5  w/o 
alloy  final  failure  occurred  by  linking  up  of  cracks  which  initiated  on 
several  planes.  There  is  an  abundance  of  secondary  cracks  which  indicates 
significant  energy  was  expended  in  the  initiation  and  propagation  of  these 
cracks  prior  to  final  failure.  In  contrast  the  photomicrographs  of  the  7  w/o 
carbon  sample,  figures  23  through  26  show  failure  occurred  after  linkage  of 
only  a  few  large  cracks  on  a  few  planes.  Very  little  secondary  cracking  is 
identified  in  this  sample. 

The  fracture  surfaces  of  all  higher  carbon  content  alloys  show  regions 
which  are  different  in  fracture  appearence.  Some  of  this  inhomegeneity  is 
attributed  to  lack  of  compositional  uniformity  in  the  melt.  A  more  uniform 
distribution  of  constituents  is  needed  to  improve  the  ductility  and  also 
enhance  the  strength.  Higher  temperatures  are  needed  to  obtain  a  homogeneous 
melt  in  the  high  carbon  alloys. 

V.  CONCLUSIONS 

0  C-Ti  alloys  covering  compositions  between  0  and  7  w/o  carbon  have  been 
melted,  fabricated  and  tested.  Optical  metal lography  shows  that  these 
alloys  are  composed  of  three  phases:  alpha  titanium,  gamma,  and  a  carbon 
rich  phase. 

0  Compression  test  results  show  that  the  ultimate  tensile  strength  and 
strain  to  fracture  can  be  varied  between  105-165  ksi  and  10-5 % 
respectively  by  controlling  the  the  size  and  distribution  of  the  gamma 
phase  in  the  0-7  w/o  carbon  alloys. 

9  The  fracture  surfaces  show  a  mixed  mode  of  failure.  Regions  of  cleavage 
appear  to  be  the  result  of  failure  at  the  gamma-alpha  phase  boundary. 
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